Extracellular matrix and the maintenance of the differentiated state: proteoglycans synthesized by replated chondrocytes and nonchondrocytes.
It has been previously shown that undifferentiated stage 23 to 24 chick limb bud mesenchymal cells can be maintained in culture under conditions which promote chondrogenesis. As the chondrocytes mature in vitro, their proteoglycan synthesis progresses through a specific and reproducible biosynthetic program. By the eighth day of culture, the chondrocytes are making proteoglycans that are similar to proteoglycans isolated from adult animal tissues. Relative to the Day 8 proteoglycans, the proteoglycans synthesized by chick limb bud chondrocytes earlier in culture have a smaller monomer size, longer chondroitin sulfate chains, shorter keratan sulfate chains, a higher ratio of chondroitin-6-sulfate to chondroitin-4-sulfate, and a decreased ability to interact with hyaluronic acid. We have reported a procedure to remove the cells from Day 8 cultures and strip away most, if not all, of the extracellular matrix. In addition, the chondrocytes can be separated from the 40-50% nonchondrocytic cells normally found in Day 8 cultures, and the two cell populations replated separately. This report describes the analysis of the proteoglycans synthesized by replated cells; this analysis demonstrates quantitative and qualitative differences between chondrocyte and nonchondrocyte proteoglycans. The overall rate of proteoglycan synthesis is fourfold higher and the rate of synthesis of high buoyant density proteoglycans 30-fold higher for replated chondrocytes relative to nonchondrocytes. Qualitatively, more newly synthesized nonchondrocyte proteoglycans partition at lower buoyant density on CsCl equilibrium density gradients than do chondrocyte proteoglycans. Nonchondrocyte proteoglycans are of two major classes: One has a monomer size slightly smaller than that of Day 8 chondrocyte proteoglycan, but has much longer glycosaminoglycan chains. The other is considerably smaller than Day 8 chondrocyte proteoglycans, but has glycosaminoglycans of slightly larger size. In contrast, replated chondrocytes synthesize, even as soon as 4.5 hr after replating, proteoglycans that are identical to Day 8 chondrocyte proteoglycan in monomer size, in glycosaminoglycan chain size, in aggregability, and in the ratio of 6-sulfated to 4-sulfated chondroitin. Since denuding mature Day 8 chondrocytes of their extracellular matrix does not cause them to recapitulate their developmentally regulated program for the biosynthesis of proteoglycans, it is concluded that the quality of mature chondrocyte proteoglycan is not altered by the absence of extracellular matrix.